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(57)Abstract: 

PROBLEM TO BE SOLVED: To make feasible of avoiding the fluctuation in the 
threshold value voltage also raising the surge resistance level as well as avoiding 
the defective punch through. 

SOLUTION: The regions 3b in no contact with a surface channel layer 5 out of a 
base region 3 are formed of boron while forming the regions 3a in contact with 
the surface channel layer 5 of aluminum. That is, if the regions 3a in contact with 
the surface channel layer 5 are formed of aluminum in low diffusion coefficient, 
the fluctuation in threshold value voltage due to the diffusion of B can be 
avoided. On the other hand, if the regions 3b in no contact with the surface 
channel region layer 5 are formed of B in high activating factor and low activating 
energy, the surge resistance level can be raised. Furthermore, these regions 3b 
are formed of B in longer range, thereby making feasible of easily increasing the 
junction depth also avoiding the defective punchthrough. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A predetermined region of a process of forming a semiconductor layer (2) of the 1st conductivity type that 
consists of high resistance silicon carbide rather than this semiconductor substrate on a main table side of a 
semiconductor substrate (1) of the 1st conductivity type characterized by comprising the following that consists of silicon 
carbide single crystals, and a layer part of said semiconductor layer. 

A process of forming the 1st base area (3b) of a prescribed depth which contains the 1st dopant of the 2nd conductivity 
type in a position estranged from this layer part. 

A process of forming in a predetermined region of a layer part of said semiconductor layer the 2nd base area (3a) 
containing the 2nd dopant whose diffusion coefficient is smaller than said 1st dopant of the 2nd conductivity type it laps 
with said 1st base area, and carries out a termination by a surface part of said semiconductor layer. 
A process of forming a surface channel layer (5) of the 2nd conductivity type in the upper part of said 2nd base area. 
Touch a predetermined region of a layer part of said 2nd base area at said surface channel layer, and. A process of 
forming the source region (4) of the 1st conductivity type shallower than the depth of said 1st base area, A process of 
forming a gate electrode (8) via gate dielectric film (7) on said surface channel layer, a process of forming a source 
electrode (10) in contact with said base area and said source region, and a process of forming a drain electrode (11) in 
the rear-face side of said semiconductor substrate. 

[Claim 2]A manufacturing method of the silicon carbide semiconductor device according to claim 1 making a mask for 
forming a mask and said 2nd base area for forming said 1st base area serve a double purpose with the same mask. 
[Claim 3]A predetermined region of a process of forming a semiconductor layer (2) of the 1st conductivity type that 
consists of high resistance silicon carbide rather than this semiconductor substrate on a main table side of a 
semiconductor substrate (1) of the 1st conductivity type characterized by comprising the following that consists of silicon 
carbide single crystals, and a layer part of said semiconductor layer. 

A process of forming the 1st base area (3b) of a prescribed depth which contains the 1st dopant of the 2nd conductivity 
type in a position estranged from this layer part. 

A process of forming a surface channel layer (5) of the 2nd conductivity type in the upper part of said semiconductor 
layer. 

A process of forming in a predetermined region of a layer part of said semiconductor layer the 2nd base area (3a) of the 
2nd conductivity type containing the 2nd dopant whose diffusion coefficient is smaller than said 1st dopant it laps with 
said 1st base area, and touches a surface channel layer. 

A process of touching said surface channel layer and forming the source region (4) of the 1st conductivity type shallower 
than the depth of said 1st base area in a predetermined region of a layer part of said 2nd base area, A process of forming 
a gate electrode (8) via gate dielectric film (7) on said surface channel layer, a process of forming a source electrode (10) 
in contact with said base area and said source region, and a process of forming a drain electrode (11) in the rear-face 
side of said semiconductor substrate. 

[Claim 4]In a process of having the following and forming said 1st base area. . It is characterized by arranging this 1st 
base area at the lower part of the source region, and arranging it at the lower part of said surface channel layer. A 
predetermined region of a process of forming a semiconductor layer (2) of the 1st conductivity type that consists of high 
resistance silicon carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) 
of the 1st conductivity type that consists of silicon carbide single crystals, and a layer part of said semiconductor layer. 
A process of forming the 1st base area (3b) of a prescribed depth containing the 1st dopant of the 2nd conductivity type. 
A process of forming in a predetermined region of a layer part of said semiconductor layer the 2nd base area (3a) it laps 
with said 1st base area, and carries out a termination by a surface part of said semiconductor layer, and contains the 2nd 
dopant whose diffusion coefficient is smaller than said 1st dopant. 

A process of forming a surface channel layer (5) of the 2nd conductivity type in the upper part of said semiconductor 
layer. 

A process of touching said surface channel layer and forming the source region (4) of the 1st conductivity type shallower 
than the depth of said 1st base area in a predetermined region of a layer part of said 2nd base area, A process of forming 
a gate electrode (8) via gate dielectric film (7) on said surface channel layer, a process of forming a source electrode (10) 
in contact with said base area and said source region, and a process of forming a drain electrode (11) in the rear-face 
side of said semiconductor substrate. 
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[Claim 5]A process of forming the 1st semiconductor layer (2) of the 1st conductivity type that consists of high 
resistance silicon carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) 
of the 1st conductivity type that consists of silicon carbide single crystals, By penetrating said 2nd semiconductor layer 
from the process [ of forming the 2nd semiconductor layer (40) of the 2nd conductivity type containing the 2nd dopant ], 
and surface side of said semiconductor substrate, and forming a slot (42) arrived at at said 1st semiconductor layer on 
this semiconductor layer, By growing epitaxially the 3rd semiconductor layer (43) of the 1st conductivity type on a 
process of forming the 2nd base area (3a) in said 2nd semiconductor layer, and the 2nd [ said ] semiconductor layer 
including said Mizouchi, A process that said Mizouchi is filled up with this 3rd semiconductor layer, and a process of 
carrying out flattening of the unevenness in said 3rd semiconductor layer, A process of forming in a predetermined region 
of a layer part of said 2nd semiconductor layer the 1st base area (3b) of the 2nd conductivity type containing the 1st 
dopant with a bigger diffusion coefficient than the 2nd dopant that has a prescribed depth, To a predetermined region of 
a process of forming a surface channel layer (5) of the 2nd conductivity type in the upper part of said 2nd semiconductor 
layer, and a layer part of said 2nd base area. A process of touching said surface channel layer and forming the source 
region (4) of the 1st conductivity type shallower than the depth of said 1st base area, A process of forming a gate 
electrode (8) via gate dielectric film (7) on said surface channel layer, A manufacturing method of a silicon carbide 
semiconductor device provided with a process of forming a source electrode (10) in contact with said base area and said 
source region, and a process of forming a drain electrode (11) in the rear-face side of said semiconductor substrate. 
[Claim 6]A process of forming the 1st semiconductor layer (2) of the 1st conductivity type that consists of high 
resistance silicon carbide rather than this semiconductor substrate on a main table side of a semiconductor substrate (1) 
of the 1st conductivity type that consists of silicon carbide single crystals. By carrying out an ion implantation to a 
process of forming the 2nd semiconductor layer (40) of the 2nd conductivity type containing the 2nd dopant on this 
semiconductor layer, from the surface of said semiconductor substrate in a predetermined region of said 2nd 
semiconductor layer. Form the 3rd semiconductor layer (2b) of the 1st conductivity type that penetrates said 2nd 
semiconductor layer and reaches said 1st semiconductor layer, and. A process of forming the 2nd base area (3a) in said 
2nd semiconductor layer, A process of forming in a predetermined region of a layer part of said 2nd semiconductor layer 
the 1st base area (3b) of the 2nd conductivity type containing the 1st dopant with a bigger diffusion coefficient than the 
2nd dopant that has a prescribed depth, A process of forming a surface channel layer (5) of the 2nd conductivity type in 
the upper part of said 2nd semiconductor layer, A process of touching said surface channel layer and forming the source 
region (4) of the 1st conductivity type shallower than the depth of said 1st base area in a predetermined region of a layer 
part of said 2nd base area, and a process of forming a gate electrode (8) via gate dielectric film (7) on said surface 
channel layer, A manufacturing method of a silicon carbide semiconductor device provided with a process of forming a 
source electrode (10) in contact with said base area and said source region, and a process of forming a drain electrode 
(11) in the rear-face side of said semiconductor substrate. 

[Claim 7]A manufacturing method of the silicon carbide semiconductor device according to claim 5 or 6 with which this 
1st base area is characterized by being arranged at the lower part of the source region and making it not arranged at the 
lower part of said surface channel layer in a process of forming said 1st base area. 

[Claim 8]A manufacturing method of a semiconductor device of any one description of the Claims 4-7 making the depth 
of said 1st base area deeper than the depth of said 2nd base area. 

[Claim 9]A manufacturing method of a silicon carbide semiconductor device of any one description of the Claims 4-8 
estranging and forming said 1st base area from said surface channel layer. 

[Claim 10]He is trying for said 1st base area and said surface channel layer to touch, A manufacturing method of a silicon 
carbide semiconductor device of any one description of the Claims 4-8 characterized by making it concentration of the 
1st dopant contained in said surface channel layer become lower than concentration of the 1st conductivity-type 
impurity in a surface channel layer. 

[Claim 1 1]A manufacturing method of a silicon carbide semiconductor device of any one description of the Claims 1-10 
characterized by using aluminum (aluminum) as said 2nd dopant using B (boron) as said 1st dopant. 

[Claim 12]A semiconductor substrate (1) of the 1st conductivity type that has a rear face which are a main table side, 
and this main table side and an opposite side, and consists of silicon carbide, A semiconductor layer (2) of the 1st 
conductivity type that is formed on a main table side of said semiconductor substrate, and consists of silicon carbide [ 
high resistance / semiconductor substrate / said ], Base area (3a, 3b) of the 2nd conductivity type that is formed in a 
predetermined region of a layer part of said semiconductor layer, and has a prescribed depth, It is formed in a 
predetermined region of a layer part of said base area, and The source region (4) of the 1st conductivity type shallower 
than the depth of this base area, A surface channel layer (5) of the 1st conductivity type that consists of silicon carbide 
formed so that a layer part and said semiconductor layer of said base area might be connected, Gate dielectric film (7) 
formed in the surface of said surface channel layer, and a gate electrode (8) formed on said gate dielectric film, Have a 
source electrode (10) formed so that said base area and said source region might be contacted, and a drain electrode 
(11) formed in a rear face of said semiconductor substrate, and said base area, It has the 1st base area (3b) containing 
the 1st dopant and the 2nd base area (3a) containing the 2nd dopant whose diffusion coefficient is smaller than said 1st 
dopant. 

A silicon carbide semiconductor device, wherein said 1st base area is formed in a position estranged from said surface 
channel layer. 

[Claim 13]A semiconductor substrate (1) of the 1st conductivity type that has a rear face which are a main table side, 
and this main table side and an opposite side, and consists of silicon carbide, A semiconductor layer (2) of the 1st 
conductivity type that is formed on a main table side of said semiconductor substrate, and consists of silicon carbide [ 
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high resistance / semiconductor substrate / said ], Base area (3a, 3b) of the 2nd conductivity type that is formed in a 
predetermined region of a layer part of said semiconductor layer, and has a prescribed depth, It is formed in a 
predetermined region of a layer part of said base area, and The source region (4) of the 1st conductivity type shallower 
than the depth of this base area, A surface channel layer (5) of the 1st conductivity type that consists of silicon carbide 
formed so that a layer part and said semiconductor layer of said base area might be connected, Gate dielectric film (7) 
formed in the surface of said surface channel layer, and a gate electrode (8) formed on said gate dielectric film, Have a 
source electrode (10) formed so that said base area and said source region might be contacted, and a drain electrode 
(11) formed in a rear face of said semiconductor substrate, and said base area, It has the 1st base area (3b) containing 
the 1st dopant and the 2nd base area (3b) containing the 2nd dopant whose diffusion coefficient is smaller than said 1st 
dopant. 

A silicon carbide semiconductor device which forming said 1st base area in the lower part of said source region, and not 
forming in the lower part of said surface channel layer. 

[Claim 14]The silicon carbide semiconductor device according to claim 13, wherein said 1st base area is formed in a 
position estranged from said surface channel layer. 

[Claim 15]A silicon carbide semiconductor device of any one description of the Claims 12-14 with which said 1st base 
area is characterized by a junction depth being deep rather than said 2nd base area. 

[Claim 16]A silicon carbide semiconductor device of any one description of the Claims 12-15, wherein said 1st dopant is 
B (boron) and said 2nd dopant is aluminum (aluminum). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to an insulated gate field effect transistor and the vertical mold 
power metal-oxide semiconductor field effect transistor especially for big electric power about the manufacturing method 
of a silicon carbide semiconductor device. 
[0002] 

[Description of the Prior Art]These people have applied for what raised channel mobility and reduced on resistance by 
Tokuganhei9-259076 in planar type MOSFET. 

[0003]The sectional view of this planar type MOSFET is shown in drawing 12 , and the structure of planar type MOSFET 
is explained based on this figure. 
+ 

[0004]The n type semiconductor substrate 1 which consists of silicon carbide makes the upper surface the main table 
side 1a, and is using as the rear face 1b the undersurface which is an opposite side of a main table side. On the main 

+ — — 

table side 1a of this n type semiconductor substrate 1, the n type epitaxial layer (henceforth an n type epilayer) 2 
which consists of silicon carbide which has dopant concentration lower than the substrate 1 is laminated. 

[0005]The p type base area 3 which has a prescribed depth is formed in the predetermined region in the layer part of 

the n type epilayer 2. This p type base area 3 is formed considering B (boron) and aluminum (aluminum) as a dopant. 
+ 

The n type source region 4 shallower than this base area 3 is formed in the predetermined region of the layer part of the 
p type base area 3. 

- - + 

[0006]n type SiC layer 5 is installed in the surface part of the p type base area 3 so that the n type source region 4 

and the n type epilayer 2 may be connected. This n type SiC layer 5 is formed by epitaxial growth, and the crystal of 

an epitaxial film uses the thing of 4H, 6H, and 3C. This n type SiC layer 5 functions as a channel formation layer at the 

time of operation of a device. Hereafter, n type SiC layer 5 is called surface channel layer. 

[0007]The surface channel layer 5 uses for a dopant, is formed, and N (nitrogen) the dopant concentration, For example, 

15 -3 17 -3 

it is the low concentration about 1x10 cm - 1x10 cm , and below the dopant concentration of the n type epilayer 
2 and the p type base area 3 has become. Thereby, low-on-resistance-ization is attained. 

+ 

[0008]The gate oxide 7 is formed in the upper surface of the surface channel layer 5, and the upper surface of the n 
type source region 4 in thermal oxidation. The gate electrode 8 is formed on the gate oxide 7, The gate electrode 8 is 
covered with the insulator layer 9. The LTO (Low Temperature Oxide) film is used as the insulator layer 9. On it, the 

+ - 
source electrode 10 was formed and the source electrode 10 is in contact with the n type source region 4 and the p 

+ 

type base area 3. The drain electrode layer 11 is formed in the rear face 1b of the n type semiconductor substrate 1. 
[0009]Planar type MOSFET constituted in this way, Since it operates by the accumulation mode which induces a channel, 
without reversing the conductivity type of a channel formation layer, channel mobility can be enlarged compared with 
MOSFET of the reverse mode which reverses a conductivity type, and on resistance can be reduced. 
[0010]Next, the manufacturing process of MOSFET shown in drawing 12 is explained based on drawing 13 - drawing 15 . 

+ 

[001 1][The process shown in drawing 1 3 (a)] First, the n type 4H or 6H or 3C-SiC substrate 1, i.e., an n type 

+ 

semiconductor substrate, is prepared. Here, the thickness is 400 micrometers and the main table side 1a of the n type 

semiconductor substrate 1 is a Si face (0001) or an a (112—0) side. The 5-micrometer-thick n type epilayer 2 is grown 
epitaxially to the main table side 1a of this substrate 1. In this example, the same crystal as the substrate 1 of a ground is 

obtained, and the n type epilayer 2 turns into the n type 4H or 6H or 3C~SiC layer. 

[0012][The process shown in drawing 13 (b)] LTO film 120 is arranged to the predetermined region on the n type 
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epilayer 2, the ion implantation of the B (or aluminum) is carried out to it by making this into a mask, and the p type 
base area 3 is formed in it. Temperature is 700 ** and the dose makes the ion-implantation conditions at this time 

16 -2 
1x10 cm . 

[0013][The process shown in drawing 13 (c)] After removing LTO film 120, the surface channel layer 5 is grown epitaxiaily 
by a chemical-vapor-deposition method (Chemical Vapor Deposition: CVD method) on the n type epilayer 2 including 
the p type base area 3. 

[0014][The process shown in drawing 14 (a)] LTO film 121 is arranged to the predetermined region on the surface 
channel layer 5 f the ion implantation of the n type impurities, such as N (nitrogen), is carried out to it by making this into a 
+ 

mask, and the n type source region 4 is formed in it. The ion-implantation conditions at this time shall be 700 **, and the 
15 -2 

dose is made into 1x10 cm 

[0015][The process shown in drawing 1 4 (b)1 And after removing LTO film 121, LTO film 122 is arranged to the 
predetermined region on the surface channel layer 5 using the photoresist method, and etching removal of the surface 

channel layer 5 on the p type base area 3 is selectively carried out by RIE by making this into a mask. 

[0016][The process shown in drawing 15 (a)] After removing LTO film 122, the gate oxide 7 is formed by wet oxidation 

(the pyrogenic method by H2+O2 is included) on a substrate. At this time, ambient temperature may be 1080 **. 

[001 7]Then, the gate electrode 8 which consists of polysilicon is deposited by LPCVD on the gate dielectric film 7. The 
forming temperature at this time shall be 600 **. 

[0018][The process shown in drawing 15 (b)] Then, the insulator layer 9 which consists of LTO after removing the 
garbage of the gate dielectric film 7 is formed, and it is a wrap about the gate dielectric film 7. In more detail, forming 
temperature is 425 ** and performs 1000 ** annealing after membrane formation. 

[001 9] [The process shown in drawing 15 (c)] And the source electrode 10 and the drain electrode 1 1 are arranged by 
metal sputtering in a room temperature. 1000 ** annealing is performed after membrane formation. 

[0020]Thus, the vertical mold power metal-oxide semiconductor field effect transistor shown in drawing 12 is completed. 
[0021] 

[Problem(s) to be Solved by the lnvention]Using B and aluminum is shown as a dopant for forming the p type base area 
3 by the above-mentioned earlier application. 

[0022]However, as it is expressed with the heat treatment temperature of B and the relation of a profile which are shown 
in drawing 16 , when B is used as a dopant, Since it is easy to diffuse B, B is spread into the surface channel layer 5 at 
the time of heat treatment at the time of heat treatment in the case of activation annealing performed after doping, and 
growth of the surface channel layer 5, the impurity concentration of the surface channel layer 5 becomes high, and the 
problem of making threshold voltage high is generated. 

[0023]Since activation energy of B is large compared with aluminum and the activation rate is low, the pinch resistor of 

the portion pinched in the source region 4 and the n type epilayer 2 becomes high, and generates the problem that 
surge destruction breaks out easily. 

[0024]On the other hand, since the range of an ion implantation became short compared with B that the 

above-mentioned problem should be solved when aluminum is used as a dopant, p type base area 3 could seldom be 

+ 

made deep to the n type source region 4, but there was a problem that a punch through broke out easily. 
[0025]This invention is accomplished in light of the above-mentioned problems, and it sets it as the 1st purpose to 
provide a silicon carbide semiconductor device which can prevent change of threshold voltage, and a manufacturing 
method for the same. 

[0026]It sets it as the 2nd purpose to provide a silicon carbide semiconductor device with a high serge tolerated dose, 
and a manufacturing method for the same. 

[0027]lt sets it as the 3rd purpose to provide a silicon carbide semiconductor device which can prevent generating of a 

punch through, and a manufacturing method for the same. 

[0028] 

[Means for Solving the Problem]ln order to attain the above-mentioned purpose, the following technical means are 
adopted. 

[0029]This invention is characterized by that a predetermined region of a layer part of a semiconductor layer comprises 
the following in the invention according to claim 1. 

A process of forming the 1st base area (3b) of a prescribed depth which contains the 1st dopant of the 2nd conductivity 
type in a position estranged from the surface of this semiconductor layer. 

A process of forming in a predetermined region of a layer part of a semiconductor layer the 2nd base area (3a) containing 
the 2nd dopant whose diffusion coefficient is smaller than the 1st dopant of the 2nd conductivity type it laps with the 1st 
base area, and carries out a termination by a surface part of a semiconductor layer. 

[0030]Thus, if it forms with the 2nd dopant with a small diffusion coefficient with the 2nd base area that carries out a 
termination by a surface part of a semiconductor layer and the 1st base area is formed in a position estranged from the 
surface of a semiconductor layer with the 1st dopant, Since diffusion to a surface channel layer of the 1st dopant with a 
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high diffusion coefficient can be controlled, change of threshold voltage can be prevented. 

[0031]ln the invention according to claim 2, it is characterized by making a mask for forming a mask and the 2nd base 
area for forming the 1st base area serve a double purpose with the same mask. 

[0032]Thus, the necessity of carrying out a resisting pressure design which expected a mask gap by making a mask for 
forming a mask and the 2nd base area for forming the 1st base area serve a double purpose can be abolished, and 
simplification of a manufacturing process can be attained. 

[0033][ after forming a surface channel layer (5) in the invention according to claim 3 ], It is characterized by forming in a 
predetermined region of a layer part of a semiconductor layer the 2nd base area (3a) of the 2nd conductivity type 
containing the 2nd dopant whose diffusion coefficient is smaller than the 1st dopant it laps with the 1st base area, and 
touches a surface channel layer. 

[0034]Thus, after forming a surface channel layer, the 2nd base area may be formed. 

[0035]The 1st base area (3b) that contains the 1st dopant in the invention according to claim 4, It is characterized by 
forming the 2nd base area (3a) containing the 2nd dopant, arranging the 1st base area at the lower part of the source 
region (4), and making it not arranged at the lower part of a surface channel layer (5). 

[0036]Thus, if the 2nd base area that contains the 2nd dopant in the lower part of a surface channel layer is made not to 
be formed, diffusion of the 2nd dopant to a surface channel layer can be prevented. If the 1st base area and 2nd base 
area are formed in the lower part of the source region, a pinch resistor between the source region and a semiconductor 
layer (2) can be made small, and a serge tolerated dose can be raised. 

[003 7]A process of forming the 2nd semiconductor layer (41) of the 2nd conductivity type that contains the 2nd dopant 
on a semiconductor layer (2) in the invention according to claim 5, By forming a slot (42) which penetrates the 2nd 
semiconductor layer from the surface side of a semiconductor substrate, and reaches the 1st semiconductor layer, By 
growing epitaxially the 3rd semiconductor layer (43) of the 1st conductivity type on a process of forming the 2nd base 
area (3a) in the 2nd semiconductor layer, and the 2nd semiconductor layer including Mizouchi, A process that Mizouchi is 
filled up with this 3rd semiconductor layer, and a process of carrying out flattening of the unevenness in the 3rd 
semiconductor layer, It is characterized by having a process of forming in a predetermined region of a layer part of the 
1st semiconductor layer the 1st base area (3b) of the 2nd conductivity type containing the 1st dopant with a bigger 
diffusion coefficient than the 2nd dopant that has a prescribed depth. 

[0038]Thus, since the 1st base area can be formed without being based on an ion implantation if the 2nd base area is 
formed by forming a slot in this 2nd semiconductor layer after forming the 2nd semiconductor layer of the 2nd 
conductivity type, Even if range of the 2nd dopant is short, a substantial junction depth of the 2nd base area can be 
made deep. Thereby, a punch through can be prevented. By forming the 1st base area with the 1st dopant with a big 
diffusion coefficient, formation in a base contact subordinate part is attained in the 1st deep base area, and it can do with 
structure of being hard to operate a parasitic transistor, by making breakdown start at this pars basilaris ossis occipitalis. 
Therefore, a serge tolerated dose can be raised. 

[0039]By what is done to a predetermined region of the 2nd semiconductor layer for an ion implantation from the surface 
of a semiconductor substrate as shown in Claim 6. The 3rd semiconductor layer (2b) of the 1st conductivity type that 
penetrates the 2nd semiconductor layer and reaches the 1st semiconductor layer is formed, and it may be made to form 
the 2nd base area (3a) in the 2nd semiconductor layer. 

[0040]Thus, by forming the 3rd semiconductor layer by an ion implantation, a groove formation process shown in Claim 5, 
a slot embedding process, and a process of carrying out flattening of the unevenness of a semiconductor surface can be 
abolished, and a manufacturing process can be simplified. The characteristic equivalent to a device formed also in this 
case with a manufacturing method shown in Claim 5 is expectable. 

[0041]If the 1st base area that contains the 1st dopant in the lower part of a surface channel layer is made not to be 
formed as shown in Claim 7, diffusion of the 1st dopant to a surface channel layer can be prevented. 

[0042]ln the invention according to claim 8, it is characterized by making the depth of the 1st base area deeper than the 
depth of the 2nd base area. 

[0043]Thus, generating of a punch through can be prevented by making it the 1st base area containing the 1st dopant 
with a big diffusion coefficient become deeper than the 2nd base area. An avalanche breakdown can be made easy to 
carry out in this portion, since it can do deeply selectively in a position by which the 2nd base area was formed in the 
case of Claim 4 or Claim 6. 

[0044]It is characterized by estranging and forming the 1st base area from a surface channel layer in the invention 
according to claim 9. 

[0045]Thus, if the 1st base area is made to estrange from a surface channel layer and is formed, diffusion of the 1st 
dopant to a surface channel layer can be prevented more. 

[0046]In the invention according to claim 10, concentration of the 1st dopant he is trying for the 1st base area and 
surface channel layer to touch, and is contained in a surface channel layer is characterized by making it become lower 
than concentration of the 1st conductivity-type impurity in a surface channel layer. 

[0047]lf it is made for concentration of the 1st dopant contained in a surface channel layer to become lower than 

concentration of the 1st conductivity-type impurity in a surface channel layer when the 1st base area and surface 

channel layer touch, a conductivity type of a surface channel layer can be prevented from being reversed. 

[0048]As shown in Claim 11, specifically, aluminum (aluminum) can be used as the 2nd dopant, using B (boron) as the 1st 

dopant. 

[0049]ln the invention according to claim 12, base area, It has the 1st base area (3b) containing the 1st dopant and the 
2nd base area (3a) containing the 2nd dopant whose diffusion coefficient is smaller than the 1st dopant, and is 
characterized by being formed in a position which the 1st base area estranged from a surface channel layer. 
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[0050]Thus, it can be considered as a silicon carbide semiconductor device without change of threshold voltage by 
diffusion of the 1st dopant by forming the 1st base area in a position estranged from a surface channel layer. 
[0051]ln the invention according to claim 13, base area, It has the 1st base area containing the 1st dopant and the 2nd 
base area containing the 2nd dopant whose diffusion coefficient is smaller than the 1st dopant, It is characterized by 
forming the 1 st base area in the lower part of the source region, and not being formed in the lower part of a surface 
channel layer. 

[0052]Thus, by forming the 1st base area in the lower part of the source region, a serge tolerated dose can be made high 
and change of threshold voltage by diffusion of the 1st dopant can be lost by not being formed in the lower part of a 
surface channel layer. 

[0053]if the 1st base area is formed in a position estranged from a surface channel layer as shown in Claim 14, lose 
change of threshold voltage more — **. 

[0054]ln the invention according to claim 15, the 1st base area is characterized by a junction depth being deep rather 
than the 2nd base area. 

[0055]Thus, generating of a punch through can be controlled by making the 2nd base area deep. 

[0056]As shown in Claim 16, the 1st dopant is B (boron) and, specifically, the 2nd dopant can consist of aluminum 

(aluminum). 

[0057] 

[Embodiment of the InventionjHereafter, the embodiment which shows this invention in a figure is described. 
[0058](A 1st embodiment) The sectional view of no MARIOFU type n channel type planar type MOSFET (vertical mold 
power metal-oxide semiconductor field effect transistor) in this embodiment is shown in drawing 1 . When this device is 
applied to the rectifier of an inverter or the AC dynamo for vehicles, it is preferred. 

[0059]Based on drawing 1 , the structure of vertical moid power metal-oxide semiconductor field effect transistor is 
explained. However, since the vertical mold power metal-oxide semiconductor field effect transistor in this embodiment 
has the almost same structure as MOSFET shown in drawing 1 1 mentioned above, it explains only a different portion. The 
same numerals are attached about the same portion as MOSFET shown in drawing 1 1 among the vertical mold power 
metal-oxide semiconductor field effect transistor in this embodiment. 

[0060]In MOSFET shown in drawing 11 , although the p type base region 3 was formed using one kind of dopant, at this 
embodiment, it forms using two kinds of dopants. 

[0061]The p type base region 3 comprises the p type field 3a in which aluminum as the 1st dopant was doped and 
+ 

formed, and the p type field 3b in which B as a dopant was doped and formed. The field 3a is in contact with the surface 
channel layer 5, and the junction depth is shallow. The field 3b is estranged and formed from the surface channel layer 5, 
and the junction depth is deep. 

[0062]That is, form the field 3a where a junction depth is shallow among the p type base regions 3 with aluminum with a 
small diffusion coefficient, and enable it to control the diffusion to the surface channel layer 5 of B, and. The field 3b 
where a junction depth is deep is formed by B, range is lengthened, and it becomes possible to form B in the lower part of 
the source region 4 with small aluminum of activation energy. 

[0063]Thereby, change of the threshold voltage by diffusion of B to the surface channel layer 5, punch-through 
generating by a junction depth becoming shallow, and prevention of surge destruction are achieved. 
[0064]The junction depth of the p type base region 3 is equivalent to MOSFET shown in drawing 1 1 . 
[0065]Next, the manufacturing process of the vertical mold power metal-oxide semiconductor field effect transistor 
shown in drawing 1 is explained based on drawing 2 (a) - (d). However, about the same process as the above-mentioned 
earlier application (Tokuganhei9-259076), explanation is omitted with reference to drawing 1 2 - drawing 14 . Drawing 2 
corresponds to the left half of the sectional view of the vertical mold power metal-oxide semiconductor field effect 
transistor shown in drawing 1 . 

[0066]First as shown in drawing 12 (a), after forming the n type epilayer 2 on the semiconductor substrate 1, the p type 
base region 3 is formed. 

[0067][The process shown in drawing 2 (a)] First, LTO film 21 is formed to the predetermined region on the n type 
epilayer 2 using the photoresist method, and the ion implantation of the B is carried out by making this into a mask. At 
this time, the pouring depth of B by heat treatment at the time of growing up heat treatment (activation annealing of 
impurities, such as B, aluminum, and N) and the surface channel layer 5 which are given by a post process, the grade 
which B does not diffuse in the surface channel layer 5 — or even if spread, it controls so that the diffusing capacity to 

15 ~3 

the surface channel layer 5 becomes below in 1x10 cm . Accelerating voltage is set to 400keV and 350keV, and, 

14 -2 

specifically, the dose is made into the 1x10 cm grade. 

[0068]Then, B is activated by heat treatment. The field 3b where B was poured into the position which this estranged 

from the surface channel layer 5 formed by the inside [ surface / of the n type epilayer 2 ], i.e., a post process, is 
formed. 

[0069]Thus, since the portion with a junction depth deep among the p type base regions 3 is formed by long B of range, 
compared with the case where it forms with aluminum, a junction depth can be easily made deep. Since the portion with a 
junction depth deep among the p type base regions 3 is formed by B, compared with the case where it forms with 
aluminum, activation energy can be made small, and an activation rate can be made high. For this reason, the pinch 
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resistor between the n type source region 4 and the n type epilayer 2 can be made low. 

[0070][The process shown in drawing 2 (b)l Next, the ion implantation of the aluminum is carried out by using LTO film 21 
as a mask once again. At this time, aluminum is made to be poured in from the topmost part of the pouring layer of B 

poured in previously to the outermost surface of the n type epilayer 2. Accelerating voltage is set to 400keV, 250keV, 

14 -2 

1 50ke V, and 30keV, and, specifically, the dose is made into 1x10 cm . 

[0071]Then, it heat-treats and aluminum is activated. Thereby, aluminum is poured into the position which touches the 
surface channel layer 5 formed by a post process, and the field 3a is formed so that a termination may be carried out on 

the surface of the n type epilayer 2 that is,. 

[O072]Thus, the field 3b where B was doped can be prevented from touching the surface channel layer 5 directly by 
forming a portion with a junction depth shallow among the p type base regions 3 with aluminum with a small diffusion 
coefficient. For this reason, diffusion of B to the surface channel layer 5 at the time of activation annealing can be 
controlled. 

[0073]Thus, in the process shown in drawing 2 (a) and (b), form a portion with a junction depth shallow among the p type 
base regions 3 with aluminum with a small diffusion coefficient, and. diffusion of B to the surface channel layer 5 being 
controlled since it forms by B with a large diffusion coefficient that it is easy to carry out until pouring of the portion with 
a deep junction depth deeply, and. It becomes possible to form small aluminum of activation energy, and B both in the 
+ 

lower part of the n type source region 4 which can make a junction depth easy to make deep and is mentioned later, and 
an activation rate can be made high compared with the case of only B. 

[0074]Therefore, can prevent change of the threshold voltage by diffusion of B to the surface channel layer 5, and. 
Generating of the punch through by a junction depth becoming shallow can be prevented, the pinch resistor between the 

+ - 
n type source region 4 and the n type epilayer 2 can be further made small, and a serge tolerated dose can be made 
high. 

[0075]The necessity of carrying out the resisting pressure design which expected the mask gap by using same LTO film 
21 as the mask for ion implantations of aluminum and a mask for ion implantations of B can be abolished, and 
simplification of a manufacturing process can be attained. 

[0076][The process shown in drawing 2 (c)] After removing LTO film 21, on the n type epilayer 2 including the surface 

16 -3 

of aluminum pouring layer, impurity concentration grows epitaxially below to 1x10 cm , and thickness grows epitaxially 
the surface channel layer 5 of 0.3 micrometer or less. 

[0077]In order to use vertical mold power metal-oxide semiconductor field effect transistor as a no MARIOFU type at 
this time, He is trying to become smaller than the sum of the stretch amount of the depletion layer which spreads the 
thickness (thickness) of the surface channel layer 5 in the surface channel layer 5 from the p type base region 3 when 
not impressing voltage to the gate electrode 8, and the stretch amount of the depletion layer which spreads in the 
surface channel layer 5 from the gate oxide 7. 

[0078]The stretch amount of the depletion layer which spreads in the surface channel layer 5 from the p type base 
region 3 specifically, The stretch amount of the depletion layer which is determined by the built-in voltage of the PN 
junction of the surface channel layer 5 and the p type base region 3, and spreads in the surface channel layer 5 from the 
gate oxide 7, Since it is determined by the electric charge of the gate oxide 7, and the work function difference of the 
gate electrode 8 (metal) and the surface channel layer 5 (semiconductor), the thickness of the surface channel layer 5 
has been determined based on these. 

[0079]Since current can be prevented from flowing even if it will be in the state where voltage cannot be impressed to a 
gate electrode by failure etc., such no MARIOFU type vertical mold power metal-oxide semiconductor field effect 
transistor can secure safety compared with the thing of a normally on type. 

[0080]As shown in drawing 1 . the p type base region 3 touches the source electrode 10, and has become a ground state. 
For this reason, the pinch-off of the surface channel layer 5 can be carried out using the built-in voltage of the PN 
junction of the surface channel layer 5 and the p type base region 3. For example, when the p type base region 3 is not 
grounded and it has become floating. Since it cannot say that a depletion layer is extended from the p type base region 3 
using built-in voltage, it can be said that it is a structure effective in carrying out the pinch-off of the surface channel 
layer 5 to contact the p type base region 3 to the source electrode 10. 

[0081]Built-in voltage can be more greatly used by making high impurity concentration of the p type base region 3. 
[0082]Although vertical mold power metal-oxide semiconductor field effect transistor is manufactured with silicon carbide 
in this embodiment, Since control of the diffusing capacity of the thermal diffusion at the time of forming the impurity 
layer of the p type base region 3 or surface channel layer 5 grade is difficult if it is going to manufacture this using silicon, 
it becomes difficult to manufacture the same no MARIOFU type MOSFET as the above-mentioned composition. For this 
reason, compared with the case where silicon is used, vertical mold power metal-oxide semiconductor field effect 
transistor can be manufactured with sufficient accuracy by using SiC like this embodiment. 

[0083]ln order to use no MARIOFU type vertical mold power metal-oxide semiconductor field effect transistor, it is 
necessary to set up the thickness of the surface channel layer 5 fulfill the above-mentioned conditions but, and. Since 
built-in voltage is low when silicon is used, if thickness of the surface channel layer 5 must be made thin, or impurity 
concentration must be made thin, it must form it and control of the diffusing capacity of impurity ion takes a difficult thing 
into consideration, it can be said that manufacture is dramatically difficult. However, since it is as high as about 3 times of 
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silicon, and thickness of the surface channel layer 5 can be thickened, or built-in voltage makes impurity concentration 
deep and can form it when SiC is used, it can be said that it is easy to manufacture no MARJOFU type accumulated type 
MOSFET. 

[0084]And succeedingly, LTO film 21 is arranged to the predetermined region on the surface channel layer 5 using the 

photoresist method, the ion implantation of the n type impurities, such as N (nitrogen), is carried out by making this into a 
+ 

mask, and the n type source region 4 is formed. The ion-implantation conditions at this time shall be 700 ** and the 

15 -2 
dose is made into 1x10 cm 

[0085][The process shown in drawing 2 (d)1 And after removing LTO film 21, LTO film 22 is arranged to the 
predetermined region on the surface channel layer 5 using the photoresist method, the ion implantation of the p type 
impurity is carried out by making this into a mask, and a p-type semiconductor is made to reverse selectively the surface 
channel layer 5 on the p type base region 3. Thereby, the electrical link of the source electrode 10 and the p type base 
region 3 which are formed by a post process becomes possible. 

[0086]Then, the vertical mold power metal-oxide semiconductor field effect transistor shown in drawing 1 is completed by 
giving the process shown in drawing 14 like an earlier application, forming the gate electrode 8 via the gate oxide 7, and 
carrying out the source electrode 10 and the drain electrode 1 1 further. 

[0087]Next, an operation (operation) of this vertical mold power metal-oxide semiconductor field effect transistor is 
explained. 

[0088]When this MOSFET operates by no MARIOFU type accumulation mode and it does not impress voltage to the gate 
electrode 8, A career is formed into alhover-the-districts depletion in the surface channel layer 5 by the potential 
produced according to the difference of the electrostatic potential between the p type base region 3 and the surface 
channel layer 5, and the difference of the work function between the surface channel layer 5 and the gate electrode 8. 
And the difference of the work function between the surface channel layer 5 and the gate electrode 8 and the potential 
difference produced by the sum of the impressed electromotive force from the outside are changed by impressing voltage 
to the gate electrode 8. The state of a channel is controllable by this. 

[0089]That is, when the work function of the gate electrode 8 is made into the 1st work function, the work function of the 
p type base region 3 is made into the 2nd work function and the work function of the surface channel layer 5 is made into 
the 3rd work function, Using the difference of the 1st - the 3rd work function, the impurity concentration and thickness 
of the 1st - the 3rd work function and surface channel layer 5 can be set up so that the n type career of the surface 
channel layer 5 may be depletion-ized. 

[0090]In an OFF state, a depletion region is formed in the surface channel layer 5 of the electric field made with the p 
type base region 3 and the gate electrode 8. If positive bias is supplied from this state to the gate electrode 8, the 

+ - 
channel regions which extend from the n type source region 4 to an n type drift region 2-way in the interface between 
the gate dielectric film (Si0 2 ) 7 and the surface channel layer 5 will be formed, and it will be switched to an ON state. At 

this time, an electron flows into the n type epilayer 2 from the surface channel layer 5 via the surface channel layer 5 

from the n type source region 4. And if the n type epilayer 2 (drift region) is arrived at, an electron will flow into the n + 

+ 

type semiconductor substrate 1 (n drain) vertically. 

[0091]Thus, by impressing positive voltage to the gate electrode 8, the surface channel layer 5 is made to induce an 
accumulated type channel, and a career flows between the source electrode 10 and the drain electrode 11. 
[0092](A 2nd embodiment) In a 1st embodiment, after a junction depth forms the field 3a used as a shallow portion among 
the p type base regions 3, the surface channel layer 5 is formed, but by this embodiment, after forming the surface 
channel layer 5, the case where the field 3a is formed is shown. Drawing 3 (a) The manufacturing process in this 
embodiment is explained based on - (d). This figure shows the portion replaced with the manufacturing process shown in 
drawing 2 in a 1st embodiment. 

[0093][The process shown in drawing 3 (a)1 First, the process shown in drawing 2 (a) and the same process are 
performed, and the field 3b where B was injected into the portion with a deep junction depth among the p type base 
regions 3 in the ion implantation which used LTO film 21 as the mask is formed. 

[0094][The process shown in drawing 3 (b)1 Next, after removing LTO film 21, on the n type epilayer 2, impurity 

16-3 

concentration grows epitaxially below to 1x10 cm , and thickness grows epitaxially the surface channel layer 5 of 0.3 
micrometer or less. 

[0095]Then, LTO film 24 is arranged to the predetermined region on the surface channel layer 5 using the photoresist 

method, the ion implantation of the n type impurities, such as N (nitrogen), is carried out by making this into a mask, and 
+ 

the n type source region 4 is formed. The ion-implantation conditions at this time suppose that it is the same as that of 
a 1st embodiment. 

[0096][The process shown in drawing 3 (c)1 Then, after arranging LTO film 25 to the predetermined region on the surface 
channel layer 5 using the photoresist method, the ion implantation of the aluminum is carried out by making this into a 
mask, and the field 3a is formed. Thereby, a portion with a shallow junction depth is formed among the p type base 
regions 3. The ion-implantation conditions of this ** suppose that it is the same as that of a 1st embodiment 
[009 7] [The process shown in drawing 3 (d)l And after removing LTO film 25, LTO film 26 is arranged to the 
predetermined region on the surface channel layer 5 using the photoresist method, the ion implantation of the p type 
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impurity is carried out by making this into a mask, and a p-type semiconductor is made to reverse selectively the surface 
channel layer 5 on the p type base region 3. Thereby, the electrical link of the source electrode 10 and the p type base 
region 3 which are formed by a post process becomes possible. 

[0098]Then, if the process shown in drawing 14 is given, the vertical mold power metal-oxide semiconductor field effect 
transistor in this embodiment will be completed. Thus, after forming the surface channel layer 5, the field 3a may be 
formed. 

[0099](A 3rd embodiment) This embodiment changes the structure of the p type base region 3 in a 1st embodiment. 
Therefore, since the main structures of MOSFET are the same as that of a 1st embodiment, only a different portion from 
a 1st embodiment is explained. 

[0100]The sectional view of MOSFET in this embodiment is shown in drawing 4 . The p type base region 3 has the field 3a 
which formed aluminum as a dopant, the field 3b which formed B as a dopant, and the field 3c for contact to the source 
electrode 10. 

[0101]The field 3a is formed in the predetermined region having contained the lower part of the surface channel layer 5. 
The field 3b is formed so that the lower part of the surface channel layer 5 may not be included, and the junction depth is 
deep rather than the field 3a. That is, the junction depth only of the portion in which the field 3b was formed is deep 
selectively, and the distance of the p type base region 3 and the semiconductor substrate 1 is short in this portion. 
[0102]Therefore, it works as a deep base layer and field intensity in this portion can be made high, it is easy to carry out 
the avalanche breakdown of this field 3b, and it can become. 

[01 03] Although not shown by a diagram, the field 3b overlaps the field 3a selectively, and is raising the activation rate 
rather than the case where the field 3B is formed independently. 

[0104]Next, the manufacturing process of MOSFET constituted in this way is explained based on drawing 5 and drawing 
6. However, only a portion different here from a 1st embodiment is explained. 

[0105][The process shown in drawing 5 (a)] After arranging LTO film 31 on the n type epilayer 2, the opening of the 
predetermined region of LTO film 31 is carried out. And the ion implantation of the B is carried out by using LTO film 31 
as a mask, and the field 3b is formed, the conditions of the ion implantation at this time are the same as that of a 1st 
embodiment — it is carrying out. 

[0106]At this time, it sees from a substrate face, and he keeps the opening part of LTO film 31 from overlapping the 

■+ 

surface channel layer 5 formed by a post process, and is trying to overlap the n type source region 4. Thereby, B is not 

+ 

injected into the lower part of the surface channel layer 5, but B is made to be injected into the lower part of the n type 
source region 4. 

[01 07] [The process shown in drawing 5 (b)] Activation annealing is performed and poured-in B ion is activated. Since the 
field 3b where B was injected into the lower part of the surface channel layer 5 was not formed at this time and it has 
come, the diffusion to the surface channel layer 5 of B can be prevented. Thereby, change of threshold voltage can be 
prevented. 

+ + 
[0108]In order to inject B into the lower part of the n type source region 4, the pinch resistor between the n type 

source region 4 and the n type epilayer 2 can be made small. A serge tolerated dose can be made higher than that of 
this. 

[0109]Since diffusion of B to the surface channel layer 5 can be prevented in this way if the field 3b is made not to be 

formed in the lower part of the surface channel layer 5, Although the interval of the field 3b and the surface of the n 
type epilayer 2 may be short, the above-mentioned diffusion can be more efficiently prevented by estranging and forming 
the field 3b from the surface channel layer 5. 

[0110][The process shown in drawing 5 (c)] After arranging LTO film 32 on the n type epilayer 2 and carrying out the 
opening of the predetermined region of LTO film 32, the ion implantation of the aluminum is carried out by using LTO film 

32 as a mask. When it sees from the upper surface of the n type epilayer 2 at this time, as it becomes a size including 
the field 3b where the opening part of LTO film 32 is deep, ion is made to be poured in also under the surface channel 
layer 5 formed by a post process. 

[011 1]The conditions of the ion implantation at this time suppose that it is the same as that of a 1st embodiment. 
[01 1 2]Thereby, the field 3a where aluminum was poured in is formed. This field 3a constitutes the portion with a shallow 
junction depth among the p type base regions 3. The field 3a is formed in the range wider than the field 3b, when it sees 

from the upper surface of the n type epilayer 2. 

[0113][The process shown in drawing 5 (d)] After removing LTO film 32, on the n type epilayer 2, impurity concentration 

16 -3 

grows epitaxially below to 1x10 cm , and thickness grows epitaxially the surface channel layer 5 of 0.3 micrometer or 
less. 

[0114][The process shown in drawing 6 (a)] LTO film 33 is arranged to the predetermined region on the surface channel 
layer 5 using the photoresist method, the ion implantation of the n type impurities, such as N (nitrogen), is carried out by 

+ 

making this into a mask, and the n type source region 4 is formed. The ion-implantation conditions at this time suppose 
that it is the same as that of a 1st embodiment. 

[01 15][The process shown in drawing 6 (b)] And after removing LTO film 33, LTO film 34 is arranged to the 
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predetermined region on the surface channel layer 5 using the photoresist method, the ion implantation of the p type 
impurity is carried out by making this into a mask, and a p-type semiconductor is made to reverse selectively the surface 
channel layer 5 on the p type base region 3. Thereby, the electrical link of the source electrode 10 and the p type base 
region 3 which are formed by a post process becomes possible. 

[0116]Then, if the process shown in drawing 14 is given, the vertical mold power metal-oxide semiconductor field effect 
transistor in this embodiment will be completed. 

[0117]Thus, can prevent change of threshold voltage by the field 3b which uses B as a dopant being made not to be 
formed in the lower part of the surface channel layer 5, and. A pinch resistor can be made small by the field 3a and the 

+ - 
field 3b being formed between an n type source region and the n type epilayer 2, and a serge tolerated dose can be 
made high. 

[01 18](A 4th embodiment) This embodiment changes the structure of the p type base region 3 in a 1st embodiment. 
Therefore, since the main structures of MOSFET are the same as that of a 1st embodiment, only a different portion from 
a 1st embodiment is explained. 

[01 19]The sectional view of MOSFET in this embodiment is shown in drawing 7 . The p type base region 3 has the field 3a 
which formed aluminum as a dopant, the field 3b which formed B as a dopant, and the field 3c for contact to the source 
electrode 10. 

[0120]The field 3a is formed in the predetermined region having contained the lower part of the surface channel layer 5 
by epitaxial growth etc. The field 3b is formed of the ion implantation so that the lower part of the surface channel layer 5 
may not be included, and the junction depth is deep rather than the field 3a. That is, the junction depth only of the 
portion in which the field 3b was formed is deep selectively, and the distance of the p type base region 3 and the 
semiconductor substrate 1 is short in this portion. Therefore, this field 3b works as a deep base layer. 

[0121]Next, the manufacturing process of MOSFET which has such a structure is explained drawing 8 - based on drawing 
10. However, only the portion from which a 1st embodiment and a manufacturing process differ is explained. 

[0122][The process shown in drawing 8 (a)l The p type layer 40 which doped aluminum on the n type epilayer 2 is 

grown epitaxially. This p type layer 40 constitutes the field 3a. Thus, by forming the field 3a which uses aluminum as a 
dopant by epitaxial growth without being based on an ion implantation, when aluminum is used as a dopant, the thickness 
of the p type base region 3 is thickly got blocked, and a junction depth can be substantially made deep. 

[0123][The process shown in drawing 8 (b)] ITO film 41 is arranged to the predetermined region on the p type layer 40 

using the photoresist method, and it etches by making this into a mask. The slot 42 which penetrates the p type layer 

40 and is attained to the n type epilayer 2 by this is formed. 

[0124][The process shown in drawing 8 (c)] Next, the n type layer 43 is grown epitaxially all over the upper surface of 

the p type layer 40 including the inside of the slot 42. Thereby, the inside of the slot 42 is buried with the n type layer 
43. 

[0125][The process shown in d rawing 8 (d)] A surface polish is performed until the p type layer 40 is exposed, and 

flattening of the substrate face is carried out. Thereby, the n type epilayer 2a which works as a drift region with the n 
type epilayer 2 is formed. 

[0126][The process shown in drawing 9 (a)1 After arranging LTO film 44 on the n type epilayer 2 f the opening of the 
predetermined region of LTO film 44 is carried out, and the ion implantation of the B is carried out by making this into a 
mask. The conditions of the ion implantation at this time suppose that it is the same as that of a 1st embodiment. 
[0127]At this time, as it sees from a substrate face and the opening part of LTO film 42 does not overlap the surface 
channel layer 5 formed by a post process, B is not injected into the lower part of the surface channel layer 5, and it is 
making. 

[0128][The process shown in drawing 9 (b)1 Activation annealing is performed and B ion in the field 3b is activated. 
Thereby, the junction depth of the field 3b becomes deep. Since B is not injected into the lower part of the surface 
channel layer 5 and it is making at this time, even if B poured into the field 3b is spread, the diffusion to the surface 
channel layer 5 can be prevented. Thereby, change of threshold voltage can be prevented. 

[0l29]Like a 3rd embodiment, the junction depth of the field 3b can be enlarged more, and it can work as a deep base 
layer. 

[0130][The process shown in drawing 9 (c)l After removing LTO film 44, on the n type epilayer 2, impurity concentration 

16-3 

grows epitaxially below to 1x10 cm , and thickness grows epitaxially the surface channel layer 5 of 0.3 micrometer or 
less. Also in heat treatment in this epitaxial growth, since B is not injected into the lower part of the surface channel 
layer 5 and it is making, diffusion of B to the surface channel layer 5 can be prevented. 

[0131][The process shown in drawing 10 (a)1 LTO film 45 is arranged to the predetermined region on the surface channel 
layer 5 using the photoresist method, the ion implantation of the n type impurities, such as N (nitrogen), is carried out by 

+ 

making this into a mask, and the n type source region 4 is formed. The ion-implantation conditions at this time are the 
same as that of a 1st embodiment. 

[0132][The process shown in drawing 10 (b)1 And after removing LTO film 45, LTO film 46 is arranged to the 
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predetermined region on the surface channel layer 5 using the photoresist method, the ion implantation of the p type 
impurity is carried out by making this into a mask, and a p-type semiconductor is made to reverse selectively the surface 
channel layer 5 on the p type base region 3. Thereby, the electrical link of the source electrode 10 and the p type base 
region 3 which are formed by a post process becomes possible. 

[0133]Then, if the process shown in drawing 14 is given, the vertical mold power metal-oxide semiconductor field effect 
transistor in this embodiment will be completed. 

[0134]Thus, when the field 3a which uses aluminum as a dopant is formed by epitaxial growth etc. which are not ion 
implantations, the substantial junction depth of the p type base region 3 can be easily made deep. The same effect as a 
3rd embodiment can not only be acquired by this, but even if it uses aluminum as a dopant, it can prevent generating of a 
punch through easily. 

[0135](A 5th embodiment) This embodiment changes the manufacturing process of the n type epilayer 2a in a 4th 
embodiment. Therefore, only a different portion from a 4th embodiment is explained. 

[0136][The process shown in drawing 1 1 (a)l The process shown in drawing 8 (a) in a 4th embodiment and the same 

process are given, and the p type layer 40 which constitutes the field 3a is grown epitaxially. 
[0137][The process shown in drawing 1 1 (b)] Next, LTO film 51 is formed, it patterns by photo etching, the ion 
implantation of the n type impurities, such as N and P, is carried out by making this into a mask, and the n type ion 
implantation layer 51 is formed. 

[0138][The process shown in drawing 11 (c)3 Then, heat-of-activation processing of the impurity which removed LTO film 
51 used as a mask, and was poured in at a 1400-1500 ** elevated temperature on the occasion of an ion implantation is 
performed, the conductivity type of the p type base region 3 is reversed in the portion into which n type ion was injected, 
and n _ type layer 2b is formed. 

[0139]After this, MOSFET which has the same composition as a 4th embodiment is completed through the process 
shown in drawing 9 (a) - (c) like a 4th embodiment, and the process shown in drawing 10 (a) and (b). 

[0140]Thus, since n type layer 2b is formed by the ion implantation. The process for which much advanced art, such as 

a process of forming the slot 42 needed by a 4th embodiment, a process which grows the n type layer 43 epitaxially, 

and a process to which flattening of the n type layer 43 is carried out, is needed can be skipped. Thereby, device 
formation can be simplified. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]It is a sectional view showing the planar type power metal-oxide semiconductor field effect transistor in a 1st 
embodiment. 

[Drawing 2 ] lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor shown in drawing I . 

[Drawing 3] It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor fjeld 
effect transistor in a 2nd embodiment. 

[Drawing 4] It is a sectional view showing the planar type power metal-oxide semiconductor field effect transistor in a 3rd 
embodiment. 

[Drawing 5]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor shown in drawing 4 . 

[Drawing 6]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor following drawing 5 . 

[Drawing 7]It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor in a 4th embodiment. 

[Drawing 8]It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor shown in drawing 7 . 

[Drawing 9]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor following drawing 8 . 

[Drawing 10]It is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor following drawing 9 . 

[Drawing 1 1]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor in a 5th embodiment. 

[Drawing 1 2]It is a sectional view in which this invention persons show the planar type power metal-oxide semiconductor 
field effect transistor which applied previously. 

[Drawing I3]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor shown in drawing 12 . 

[Drawing 14]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor following drawing 13 . 

[Drawing 1 5]lt is a figure showing the manufacturing process of the planar type power metal-oxide semiconductor field 
effect transistor following drawing 14 . 

[ Drawing 16] It is a figure showing the diffusing depth of B (boron), and the profile of impurity concentration. 
[Description of Notations] 

+ _ 
1 — An n type semiconductor substrate, 2 — An n type epilayer, 3 — P type base region, The field where 3 
a aluminum was poured in, the field where 3 b — B was poured in, 4 [ — A gate electrode, 9 / — An insulator layer, 10 / 

+ 

A source electrode, 11 / — Drain electrode. ] — An n type source region, 5 — A surface channel layer, 7 — Gate 
dielectric film, 8 
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ft* e < , t-i-lilr^l. £ k 

[00 37] mW5tzEXlrtfflMz*S\,'>X&* *mfc 
m (2) ±^m20K-v^> N$:-^tf^2#mS£7)IS2 
<7)¥2*f*S (4 1) £«t&Xflk, ¥#ft*«<0^ 
ffl M*» 4> IS 2 co#2*tt/l *r Sil L T SI 1 <0¥-#fcJf tit 

(4 2) *»«-T*ifc(=J:>5. 35 2 
t:TS2»'<.-Xll« (3a) £J»}-.£>X*£k, 311*9 
*ttf^ 2 C7)^*«±t^ 1 3*«l!tf>3& 3 cO¥#f*Jl 

(4 3) £xt°?^A*/Uj£JI$it"l>>rk£J:9. 
8: ISIS 3 WWilTlft hTMb , m 3 <0*H*«fc: 
feftsnafl£ JS Piafl:'t-&imk. $ l e>¥#fMK>3iJI 

<0£5 1 ?y<-Xfgi£ (3b) ^ffM-r&Xgk . Srffitx 

[0038] ^co j; 5 (c. m 2mmmc?m2(7)¥mi*m 
&j&Mi>t&*>* c\cr>w.2<r>^mw.m^zm^mm-h^ 
tTm2(r>K-xmM*Bf&-tixt,3:. j ^ym?jzx t> 
■rizm i ^-^«kis»isti m 2 ^ k n° 

> h<7)mmm< x i>w,2^-7,m^mm^^ 

*W.< -f&Zt #'T-§ 4 . -lilt J: 0 , •> Of-X/L- 

> h xm 1 xisjs & : &&.-?&zb izx 0 s as ir 

1 co<-Xlg$£<-X=7>-?? hSPTSPtffM^Tigk 
2: 9 . CI ^H=SPt- 71 - ? ^ •> > • Sr &Z § -fr 4 i t tz X 
»)S4b7 >- =JX 9 £ »f^S -fr (c < v ^ffijt tTI4. fa! 

[0039]^. IS*JS6 J: 9 (~. ¥«f*S1S 



^ T\ m 2 *2i(*« * fiil LTgl co¥i*ilc»t 
^UlaSmS^S^^Wi ( 2b ) £&&-t&t& 
(C. SI2^^2S(^{CT^2^-xMi* (3a) *B 
fct&Z.-jlz LXi>X^K 
[0040] zcr>x o izj ^ y&xtz £->xm3 
m&&fR*hz t izi o , mmn 5 c^tifccg, 

[004 1 ] =5rfc. If*il7(c^-fj; 3C, affi^-A-^ 
;PJl<^Ta5{3(±m 1 co h ^-^-trlg 1 cv^-xm. 

1 co K-vn°>' hfi0j£»SrB6ihi--& i b WC* h . 
[0042] IS^S icfetftO^HBtctiUTJi. m 1 
^-XMiScO^$ SrH 2 c7^-XfgJ*C0}^$ J; 0 \> : B< 
■thZbUmb LX\i&« 

[004 3] ZCOX 0 iZ, tiuWUMtttZZcm 1C0V- 

> <> h zstsm i coK-xmm^m 2 co^— xmrnx 0 

&S i 3 t=-T4 >! b X\ /*>J-x.)]/-cr)$>±£ffi 

±i-&zbrfx$h. $<"o(c. imm4^tmme^t§ 

■SlZtrnXte. m2<7)^-X.m.i&tf&J&£iXtziiLWlZ}3 
^->X$lWtiz%i<X$ htzuh. Zco^mztSi^XT^y 
>isx. fv - 9 if*7 > I M < X$ h . 

[0044] if*^9 izimrmwizm^x am 1 
-xmmzmmi-^ *n-m&t>mm Lx&f£-tz> zb* 

wmb LT^4. 

[0045] zcoxoiz. mi cD^-xmrnzmmi-^ 

^c7)H 1 co K— y?y h c0t£MJtSrR6jl:T'S h « 
[004 6] If^il 1 0 teKtttf>«9ifc:*$v*Tl±. ^ 1 
o^-xfg« b mm* -v k & J: 5 LT tj 
0 . ^ffif-^^A-e^^iii^^l co K— vn°>- hcoji 

%.Ji<)i>&<%&J:olz-fZ>ZbZ'ftmbLX^>2>. 

[ 0 0 4 7 ] $ 1 cD<-xmmb mm^^vmbtfm 
■tzx-j^m^z^^xi*. mwi-v^umwziziti 

1 »mS^^cOigmj; 0 =5:S «t 3 
(f. ^ffl^-A-^7tScoefmM//KteL^oJ: dtT-^ 

[0048] Mf*B^)(c(i:. ISsRiI 1 1 iznk-fj: o W. 
lcoV-'^yhblXB (tf"o>) SrfflV\ W.2<F)Y— 
>^y V b LT A 1 (T/l^-^A) Srffl^ftifci^CS 

[0049] l«*ia 1 2l:|Si)cco^{cioV^T(±. ^~ 
xfili. mi<7>K-^°>hSr-&trHlc7X-XM^ 

(3b) k, glcOK-AyhJ: Otlttt^ft^J^^ 
^2c0H-^°>h^-^t,»Sg2cO^-X^i« ( 3a) 



dRnnnm ip 9nnnnRPBi?A t ^ 



( 7 ) ffl 2 0 0 0 - S 2 S 1 2 ( P 2 0 0 0 - S A A ) 



If LT£> •) . W, 1 CO^— xfflt^//^®^- -v £>gi 
rHU^&StcTFM^xT t ^4 .r t Zimt LTi'J . 

[00 50] Z<7)£ o mi ^-^tWfflft 
*/WiA»&BflSI L *d5B(::flM$iiT^4 C t 9 . 
^ l h -v n°> h « fi£«[(c is L ^filtlBo^Sico&i, > 
0tfl2£*¥W*g» i: "T4 Z i: #T'£ ■§> . 

[00 5 1 ] If*if 1 3tlE33J^^tcfc^T(i, 
^mmt. m 1 to h £-£tf3S 1 <7y^-X«« 

fc, micOK -y <? > h «t 0 t JfciMSScO/h $ ^2i7)H 

t LTv^4. 

[00523 Ii7)J:')(:, mi cO^— X^JS^V— Xffi 
J*C0T3G t fi£ $ ixX t ^4 i i: tz J: 0 "F- vli £ ffi < 

^^ztizx<o. mi v-^yv^mzXhL^^m. 
n&^m £%<^-zt arc § 4 . 

[00 5 33 ItsRJB 1 4 (c^-t «fc 3 (C . mi <7X-Xfg 
tf . 4 0 L * v >flHJEco^f!J £ $r < -£4 . 

[00543 ii*ia i 5 KE»<3WPH=*iirvni. m 1 
<o<- xwu&m 2 co^-x^is 4 0 *> it -g-ai § < 

[00553 z<7)£ 'j iz, m2er)K.~^mm^m< -t& 

Z t lz 4 -> T , A-yf xiv—<r&&. Sr JWffl t*rk fr'T 

£4. 

[00563 . ii?i<ii 1 6 ic-^-r 4 $\z. m 

lcr>V-^> M£B (-fny) T"£>9, S2^)K-a , > 
Mi A 1 ( T/U 5 -*7A ) Tffi&LT'Z 4 . 
[00573 

[IMBOgat^JB] 1UT. *»**0C^-«atJBK 

[00 583 (mi mnmm ) muz, xmmmmiz 

OSFET (fSffl^V-MOSFET) C0fflrME1£^ 

V9 + yr4 Wzmttth t tTMKc i> COT'S) & . 
[00 593 El 1 tcSo't v-Ci$M-'<7— MO S F E T<0 

AV-MOSFET(i. ±i£ltzmi lCStMOSF 
ETt aonplttoflljfi £ * L • T i > 4 fc46 , P^r 4 f»ftlz 

01 >t o^mmt 4* . *mtmm iza tt s n° 

7-MOSFET«'3*,, HI lCSfMOSFETt 
[00 6 03 01 lt^fMOSFETtli. pi^^— 

[00 6 1 3 pS<-^««3I1, m 1 CO h t 



LTC0A 1 *iF-h°> 7"SiiTff;l«,Sii^p- 

3 a t . F-K> h t LTOB^ K-t> ?' SilTffM 

$ ii/c p * mcmm 3 b m. $ i lt ^ & , Mfts 3 a 

[006 2 3 ^^0, PSK-X^3c7)d*>. 
$ COav 3 a £ &flfcffifttf'J >$^AltMUB 
co^fflf--^ *A-JI 5^<7Jfi£SXS:ffP$iJr ^> J; o iz-fh b 

A 1 hfttcB^ffM-t^-hA^figfc^.-^. 
[0 06 3 3 CliXtCiO. *ffi^^^*5^C0BC0t£ 

t £ & l # t Mms. nmh . m^m $ #m <%&zt 

[0 0 64 3 ^*3. pS<-XM3cOtf^$(i, EI 

1 1 {C5H-rMOSFETfc|5j^i;&-3T^£, 

[006 5 3 El 1 IZyfi-iMWW—M OSFET 

coKiti^^. ei 2 ( a ) - ( d ) izm^ ^xmm-t 

h . fflL , iiELJWtoajIB («rBHF9 - 2 5 9 0 7 6 
-f-) i:|31ttcOI^cov>T(iEll 2 -El 1 4 *«K3.LT 
Si^BSrflrfti-ft. 3r;fc. E12(±, ElKC^-tjf^NV- 
MOSFE TtOKIrHEIco£^(cp.^-r h . 
[00663 4-f. El 1 2 ( a ) £jjr$- ± 9 (C. 

[006 7 3 CE12 ( a) Citlg] 4^'. 7t 1U 
^ hffi*ffl^T n- ixfl 2 cO±<7,^l£fHl6iCLT 
OBS2 1 *fig.P,L. ^ilSrVX^i: LT BSr-f ^->1±A 
-ri>„ Cicoi:^. BcoaA^^* 1 '- f^XSTtfe^ilS^ 

<b, a 1 „ Nm^mn^-ismtT-->i ) 
m^f-r^M 5 ztii&Zit&mizteii&mmiz x -> 
x, Bwmm+v^msizwMi&imi^ ^i<i± 

tm. LT t *Ift^/ll 5 'vCOjJktfc*;^ 1 x 1 0 1 s c 

2:400keVi350keVH, I'-Xia: 1 x 1 
0 1( cm-2ggt LT . 

[ 0 0 6 s 3 -e<ot&, swaakij: -?t b 

ZixlzXK). n- Sxb'®2coa®J:0ti*UIL o 

fiStc , B 3&«aEA$iifcfHl« 3 b *%M$ix-S» . 
[ 0069 3 Cicoj; 3 fc, pM^-Xp.J*3cO')*>. fg 

a 1 xxm-thm^tit^x. m-&mz*:®%izm<t 

hZtifiX'^h, $^>{c, pM^-Xffi$3c0d^ 
^ § COSE V ^ B TffM L T \, > S fcA , A 1 T'ffM 
f 4 i: it^T vStt (Lx Jf - $• /J\£ < T*§ . vStt 
^ar«<T^4o ZCOfztb. n + IV-7{|«4 fc n 
- ixfl 2 fc «DlHfc:*Jtt« e^^Jttijt*fi< T§ 4 . 



3NSDOCID: <JP 200008281 2A_1_> 



( 8 ) HH2 0 0 0 - 8 2 8 1 2 ( P 2 0 0 0 - S7xl$A ) 



[0070] [02(b) (C^-rxff] &(C S t 3 — 
9L LTOI2 1 £-7X7 k IX A 1 &4*y&At 

S&6> 4> n - Sih'l 2 OftflBB i Ti±A $ ix h X 3 fc-f 
§ „ M(^t(i, MSmffiS: 400keV, 250ke 
V, 150keV. 30keVtL, h'-XMlxl 
O 14 c m-2 k LTV 

[007 1 ] ^Of£. JftKySfcJtl/CA 1 
h. ZixizXK). n- Mxt'S2«jfeET«^£J:3 

4fiatC. A 1 #&A£ftTfiJs5c3 a**JBj£$*l& . 
[0 0 7 2] Z(7)J:olZ. ® 

^aE$^>a^»**j£»fflR3&«'hsv^A i xmm-hz. 

kizX B H - 1 >• ^ $ *ufcfHi£ 3 b A^ffi-f - * * 
[0073] i 0 1. 12 ( a ) . ( b ) IZvk-tX 

mza v >r . p sk— 3 to a *> . jg^-si $ <nm » 

V > B T'JFM I T v> 6 . ^® ■f - t */l-Jf 5 B o}£ 
ft£MHHT&Sfc#(c, U&<-CS, ft 

tifrt h n + iv- xfgj*4 oT*{catt<tx*;^— <o 
'JvSSrAl kBffi^m^&^k^tijk&D, BO 

[0074]}^t. Sift */m 5 ^0 B <r>femz 
k tX. I§J— C0LTOI2 1 *:ffi^.5> 

%%:<-tc\ti> i x*% ztmz. wm.ru ^xcnmmtz 
m&z.tvx-^&« 

[0 0 7 6] CH2 ( c ) (C^-TXSD LTOI2 15: 
AiaAi^IHOn- Sxbl2 
W±(C^«H{t^ 1 X 1 0 16 cm'W. f&MtfO. 
3 m m OTc7)*ffi f-v * /UJf 5 Sr X tr 9 * i" * /U£&3 

[00 77] ,I<7)k#. SEMvN°y-MOSFETar7 — 
&tfh£ZM<?>faVm.k<rmii r>i>'\^ <%&£o izL 

[0 0 78] iLfcmzte. P I^-Xl«3^baif 



t ^ ssfi^iwiii . y~ i- mm 7 <?)tfRy 

Ott^KHSHt «fc otjUISiil.^. dit^tc^v > 

[0079] ZcoX o ^y—? ij TtymoMSLsW—M 
O S F E T(±. tm% t'izX-oXy- MEffifc«E#EP 
SPT # «r V ^ J: o %ttB t & ~> X L , 9SWfttL&\, * X o 
iz-f&Zt WX'% 4 tztb. 'J yiw t cot Jt^L 

[0080] ifz^ Hi tTK-tJ: 5 P i<-x« 

3ti. v-xtsi o tmiLx^xmmtmt^^x 

^.^iS 3 mm ?«^<T70-tO' ^ttfflt ^ 

fgl« 3 £> SrStf t V CI k *«T § =5: V . 
P M^-^fflt* 3 * V -Xtl 1 0 k i k 

xfohk^z-h» 

< -th z\ k iz J; 0 t'/u h > mE * i 0 A# < f ijhh-s 

-Ik^'T'^S. 

[0082] ifc. *HSfe^®T(iKfLI^K± ixm 
W < r 7— M OSFET SrMit L T C >4 x t> 3 
>^ffl^TMitL J;'3 k"T4k. pI^I«3^ 

m^^tvms i$<rj*wtom ZBf&tz> vmz a tt 4 ^te 

/-7iJ^7l(7)MO S FET$rKjgTj--g) d k^SHk 

kt^J; 0 , y'Jn^ffli k Jfr^T « JK A < mm 
f \° V — M O S F E T «r M iti" 4 £ k // T # ■& . 

[0083] 4?^. y-vu^^s^atM'^v— MOS 

FETtfSf^tJi, ±IB^M*&S!3t-f i at^Bf- 

;t-*5oe^s-sf < iti*)TMmmmzm< lxb&ll 

LfrLKk&k , SiC *ffl^fc*-g-fciih*y|,- h >BE 

-7>)*7 S^filM OSFET 4 C k 

[0084] LX . 7* yXh^ffl 

OT^ffif--V^Uil5 0±OBlf5tmi«(-LTO)l2 1 Sr 
EIL. Zix£-?X7 kLXN (Ii)f«nl^i 



vJSDOCID: <JP 200008281 2 A_l_> 



( 9 ) ffl'2 0 0 0 - S 2 S 1 2 ( P 2 0 0 0 - 8F.6&A ) 



fc * *M * > it A fcfNi , 7 0 0 1 C , H - X»i 1 • 1 
[0085] CH2 (d) iZ^rtJMl ^LT. L TO 
-v *)VM 5 cr>±(Z)fJi^^mz LTOI 2 2 SrffiB L . CI 
X^iS 3 JL<7)*H-7-v *iVM 5 p l!¥z$f*(C 

[0086] Clc7)f£. 7fe£7)tBP.i: [sl«(c , 114 (c^ 

jku §^>tv- xmi o-^kw >mssi is--r.g> 

d irJC J: o t , 01 tC^iKM^°V-M O S F E T*^ 
[0087] , ~ <7)ffiMs n°V-M OSFE TOfftfl 

[0088]*MOSFE Ttiy — 7 'J ^7S^)f« ; E 

— FT*I8fF$-& i> cot*) ot. Y— hW&S triRESr Ep 

(i, p SK— Xfgftfi 3 k flBo^-r 15J: OlSJtf>flf^; 
* r- >' > a- (iwi , a^ffif'-v *^Jf 5 t y— h 

r t iz i 0 . iftra -v */i a 5 t y- )- s t <rM<r> 

itmmmnm. 1 nm* h <?m Dumf&m iz x o ± 1 a « 

fiH^^L^-ti:^. ^<T*rJcJ:9. f^-^WtS^ 
ftjf»-r£<rk//t'#&„ 

[ 0 0 8 9 ] 0 . ^- hWMSCT)i±mffllk$:m 1 « 
f±WM£Sa L, pa^-X««3*5tt*Hft£SS2<Ott 

*rb» a, ma f - -v 5 <7jft»rast s- as 3 o ttv 
n» fc Lfe k & , m 1 ~m 3 *>f«wift«>3t s- f w l 
t . tm+**>vm SCO nsco^-v'j r *s^*tt &« 
fciB 1 -35 3 o fctsMR k mm^-^^m 5 

[00 90] ^7«i(3^t, ££f!t£Ji. p 

6 y- MEffis tc *t l tie<7v w rx s- g^-t^ t s y 

— f-*6*SH ( S i O, ) 7 t^m+'r^iimS b<7)ffl<7) 
WWlZ&\,>X n* IV- 7.m&4 frh n " M K 'J 7 hfg 
J* 2 ^[bfv®^. f-A--*./Ma«* t »(E$ii.. * >-«3Bt 

X-f 7f>7"$ilS, Cic7)k§. Ifll n + 

*^n- Sxt'Jf2(C^itS, H t. n- SxtT/12 

( h u y vm&) izmi-&t . m^ti. n + 

11 (n* KM > ) ^SiStSai«». 

[009 1] >I<7)J;^{cy— hmnstciomjEES-Erijn 
-r?> i k «fc 0 , *ray-v *;UJi 5 t:#»ffi-f-v 



isis § -ti- . y-xii i o t h -r > i 1 1 o^fmz 

[0092] ( m 2 mmmm > m 1 suBB«Tti , p s 
x 3 <7> a ^>sf ^ss $ //a v >sp » fc mm 3 a 

ffM, L tz <7) t> lz . -v ^ « 5 a: L T l > S 

^\ *^js^.t'{4, mm^-^^ivms^mLfzmz 
mm3 aSr»is-rs*-&*^-. m3 ( a > — < d > t 

tj . £ oiatim 1 njfe®®t=±>tt 1,02 tc^ $n ^> sag 

[0093] [03 ( a) IZ^fk-txm) 12 
(a) t^-TX^i:|5]«c7)X^5rflV\ LTOM2 1J 
-?x?tttz4* >i±Alzx p S<-xf« 3 <r> 5 %m 
$ a&^IE If >SP^Hc B //i±A § fufc«« 3 b * ff^^ 

6. 

[0094] C03 (b) H^-rXSDJfctC, LTOI 
2 1*^iL/:»*>, n- Ix 2 C0±H^!f*)?ftlt 
// 1 x 1 0 1 6 c m- 3 tlT . mWifi 0 . 3 u m l^T^*® 
f-r ^/If-JB 5 ar X t ^ df > -v A ^ $ -fr S . 

[009 5] 7* M^y'Ahffi^fflHtSIf 

•v *;UJ1 5 <7)±OR>r5E»«{ic; L T Oflg 2 4 Sr I£B L . ; 

AL. n* SV-X|iI^4S-ffM-t'S, $Nfc» IWhl 
«U>?±7^ffli, SSl^tfe®Sl>|5]»t LT»f >?.« 
[0096] C03 ( c ) tZmtJM'i 7* 
h U >'X h j£ Sr ffl v it ISHf - -v ^ /I- /1 5 C7)±.<?>mj£ffi® 
CLT012 5 SrISH L tzWh » ^lilSrVX ? i: Lt A 
1 Sr-f *>1£ALt«^3 a*Jg^T6. CliltCiO, 
P SK-*f£« 3»-) //St ^SP^*^BE$^ 

[0097] C03 ( d ) (C^-tX^D *tt, LTO 
12 5S-r**L^fS, 7tM/^^ffl^taif 
r *;PJi 5 c7)±^FJt5£Mi*t~ LTOl26^ @r2S t » C 
iiSr-7X^>;LtpMT^S--f ^>iiAt, P f\- 
Xil3±£7)»^ ^/UJg 5 SSflfl-Wi: P (*(C 

[0098] z\cn&. m 1 4 izfjk^jM^m^. *m 
t&mn&ztmhmM; ^-mo sfe Tffft&t& . z 

Oiot. «fflf-v*/H5*JB*Lfcttt«W3 aS- 
JFMLttiv^ 

[0099] (S3 ^*feff^«. ) **t(E®®.{i:m 1 HMs^ 
miz H ( ■ t S p SK- X fRW 3 <7)«it Sr ^35 L L <T>X*fo 
h,, S-)t. MO S F ET«±^iilliI 1 liiilJ: 

[ o i o o ] 04 iz*9mmmiz&nhMo s f et^o 
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(10) 3 2 0 0 0 - 8 2 8 1 2 ( P 2 0 0 0 - 8@1YA ) 



t I X ftsfH L 3 a , B&K— v\*> X i LTflML 
fc*itf 3 b . V-Xfffi 10h<7)3>^? h ffl<7jfg 
t£3 c SrWLTV^. 

[0101] P 1SI3ali Slffi^r*>WB5tf>Tai3:-£ 

* A H 5 <^TSB £ # 4 * v a o CfS $ i XT H 0 , Mi* 
3 a J; OkfiteSStfaKfc^T^*. oiO, jgi«3 

a o . i <o»»tc*j i. >t p 3 k ^mw&m. 

1 k<D?g8i;^<$roT^.g>. 

[0102]6£^T. ;^1i3b^f<-7'<-Xl 

A7>yx 7'V- 9 9^>L%<tcZ>Xo lZX'% h . 
[0 103]^i>, 0T1i*£i-LT^u**fIii3 b(i 
«i*3 ak^frMt^-^^XTfc'X fg«3B# 

mttTffM§ix-r v^^i 9 kvSflMfcsfs&iajxs-grT 

[0 1 04] mz. ZCOXolzmtiLZfttlMOSFET 

i c: -cuss i mmmmt m% z> wmz-? \ »t ^mm-t 

[0 10 5] (15 (a) C^tlS) rr Ixh'f2 
<JD_hfcLTO|R3 lSrKHLfcO^, LTOl3 103r 
5£ffliS£lf3 -r LT „ LTOM3-1 k 

L T B £ >f * >iiA LTf«i3b5: JBift-t 4 , £ <7) k # 

?m >7±Ao-^mim i mmmmt mmt tix^ 

[0 106] i<0i:l, LTOI3 
1 ^fflPgn^mx^T-ffM^il^^ffi^-Y^;^ 5 k 

i*4 k r-f & J; 3 1= LT^i. . ilixlcj: 0 . 

mffil'-r^ilMScrjTmzl.ZBtf&AZn-?. n* IV 
-xmM4 OTSfl tciSB *>1A Six*J:-3tLTU^. 
[0107] CEI5 (b) tTpflg) iSWCT--/! 
Srffv^ &AZi\tzB-<( ZcntZ. 

it® ^ -v *>vm 5 cormza b § ntzmm 3 b # 

m5^cDWM£m±-?&z\bWX'£&<, ZillzX^, L 

* v ^ffl«JE^K) £ Kit* & £ k fr'T" § & . 

[0 1 0 8] £tz. n + IV-»40T»:(iB^' 
&A£ixl> X olzLXVi&tztb. n* Sy-xfS«4fc 
n- Ixtl 2 k Oiat=fc(tS e^-f-fiCt^/hS < T # 
& 0 dixcOi'X ■?-->'*I«S*< h. 

[0109]^, ZCDXoiZ^ mm^ J c^)lM5C0T 

mzmi&3 bim&ztv&^iioiz-ri\K$m'i--**ii' 

m5^cr>B<7)WM$:ffi±X'$&fz>ib. pUS3bkrr W 

x t°m 2 cr>mm t totsmim < x wc ^ i i . & 

i3b STJlBBf-A- 5 £>8Hg, LXWftiZTh Z k X" 
[0 110] C0 5 (c ) tC^-TXS] n- g?xt°Jf2 
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